Turbine blades of airplanes and thermoelectric plants work in adverse conditions, with corrosive environment and high temperature and pressure. One way to improve the life or the working temperature of the blades is by the use of special coatings over metallic material applied by Electron Beam -Physical Vapour Deposition (EB-PVD). The most usual material for this application is zirconia doped with yttria. Addition of niobia, as a co-dopant in the Y 2 O 3 -ZrO 2 system, can reduce the thermal conductivity and improve mechanical properties of the coating. The purpose of this work is to show the influence of the addition of niobia on microstructure of ceramic coating taking in to consideration X-ray diffraction and scanning electron microscopy observations. First result shows a columnar structure with only tetragonal phase in the ceramic coating in the chemical composition range studied.
INTRODUCTION
The EB-PVD process allows attaining coverings with unique properties. The process parameters are adjusted so that the deposit has a columnar grains structure perpendicular to the interface. This morphology maximizes the resistance to strains that arise from differences in thermal expansion coefficients. Others advantages are: aerodynamically favorable smooth surface, better interaction with the substrate, greater thermal cycle tolerance and, hence, greater lifetime comparatively with the plasma spray process [1] [2] [3] [4] [5] [6] [7] [8] [9] .
LITERATURE REVIEW
There are four primary constituents in a thermal protection system. They comprise: (1) the thermal barrier coating (TBC) it self based usually in ~ 8 wt. % (8,7 mol % YO 1.5 ) yttria stabilized zirconia; (2) the metallic component, treated here as the substrate; (3) an aluminum containing bond coat (BC) located between the substrate and the TBC; and (4) a thermally grown oxide (TGO), predominantly α-alumina, that forms between the TBC and the bond coat. The TBC is the thermal insulator, the bond coat provides oxidation protection, since the zirconia is essentially transparent for the oxygen at high temperatures, and the metallic component, usually a nickel base super-alloy, sustains the structural loads. The TGO is an oxidation reaction product of the bond layer, and plays a role in the metal/oxide adhesion. Each of these elements is dynamic and interacts to control performance and durability [10] [11] [12] .
It is well known that for ZrO 2 to be utilised for technical applications the high-temperature polymorphs cubic (c) and tetragonal (t) phases, should be stabilised at ambient temperature by the formation of solid solutions, which prevent deleterious tetragonal-to-monoclinic (m) phase transformation. The alloying oxides, which lead to the stabilisation, are alkaline-earth, rare-earth, and actinide oxides. It has been suggested that the factors, which may influence the stabilisation, are size, valency, and concentration of solute cations and crystal structure of the solute oxides, where the valency and concentration determine the number of oxygen vacancies created by the formation of substitucional solid solutions [13] .
The addition of Ta 2 O 5 , Nb 2 O 5 , and HfO 2 enhanced the transformability of Y 2 O 3 -zirconias, which was indicated by an increase in phase transformation temperatures and fracture toughness. An alloying oxide which increases the c/a axial ratio (tetragonality) also increases the transformability [14, 15] .
Because of their low thermal conductivity, zirconia-based ceramics are often used as thermal insulators over temperatures ranging from cryogenic to greater than 1200 o C, e. g., for thermal barrier coating (TBC). At temperatures greater than room temperature, the low thermal conductivity of the zirconias is based primarily from the scattering of phonons by point defects. The effectiveness of a point defect in reducing the thermal conductivity of a lattice depends on the difference in mass and ionic radius between the defect and the host atom, and also the change in atomic bonding's influence in the elastic constants [16] .
When the dopants added to zirconia are subtetravalent oxides, e.g., yttria, calcia and magnesia, the most influential defects are the oxygen vacancies that are created for charge balance, while the cation substitutional defects in the zirconium lattice play a subsidiary role. When the dopants are tetravalent oxides, such as ceria, the substitucional cerium ions are the ones responsible for reducing the thermal conductivity of zirconia, although as much as 17 mol% ceria is required to obtain the same conductivity reduction as 4 mol% yttria [16, 17] .
When a trivalent oxide, e.g. Y 2 O 3 , is added to ZrO 2 as stabiliser, certain amount of lattice defects, e.g. oxygen vacancies and negatively-charged solutes, are produced in the ZrO 2 lattice. The thermal conductivity of partially stabilized-ZrO 2 (PSZ) is determined by its defect structure and the defect associates between them. Pentavalent oxides are positively charged, opposite to the stabiliser, when dissolved in the ZrO 2 lattice, the addition of these oxides in the PSZ will definitely affect the original defect structure, thus also its properties. Ta 2 O 5 has been found to affect the phase stability and the electrical properties of ZrO 2 , and Nb 2 O 5 has also been found to dramatically change the grain boundary electrical conductivity [18] .
The effect of doping with pentavalent oxides such as tantala and niobia (cationic radii in the +5 oxidation state ~ 0.68Å for both) indicate that both ions reside as substitucional defects in the zirconium lattice (ionic radius of the Zr 4+ ion is 0.79 Å), annihilating oxygen vacancies generated by yttria doping. Thus, the defect chemistry generated by the two dopants is also identical and would be expected to scatter phonons due to the difference in ionic radius and atomic bonding [16] .
The phase diagram available for the Nb 2 O 5 -ZrO 2 system 16 at temperatures in excess of 1400 o C indicate limited solubility of the pentavalent oxide in zirconia. However, co-doping with yttria has been observed to enhance their solubility in the tetragonal phase [15, 16] .
It is expected that the single-phase tetragonal niobia co-doped yttria zirconias will have low thermal conductivity than conventional 6-8% yttria stabilised zirconia, the material conventionally used for thermal barrier coating with others advantages, e. g., phase stability at high temperatures, cyclic life, ageing behaviour which may prove superior to those of conventional zirconia.
EXPERIMENTAL
The coated substrates were 50 x 10 x 0.2 mm Table I .
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The phase structure of the coating has been analysed by X-ray diffraction using a diffractometer Philips PW 1380/80 and on a diffractometer X'Pert -MRD Philips with a PW 3050 goniometer. The coatings composition was estimated by EDS analysis; a LEO 435 VPI scanning electron microscopy studied their macrostructure and morphology.
RESULTS AND DISCUSSION
The results of EDS analysis performed on the ceramic coating are summarised on Table I . It is to be noted that the composition of the layers differs from the target, remarkable for the niobia concentration, probably due to the difference in melting point and vapour pressure between niobia, zirconia and yttria. Figure 1 shows the X-ray diffractograms in scanning mode (left) and in the high angular resolution (0.01 for 2θ) spectra for (400) region (right) for ceramic layers. The (400) region was selected because it is specific of the nonequilibrium tetragonal phase (i.e. forbidden by the cubic symmetry [20] ). The diffractometer PW1830 presents low angular resolution (0,02 o ) then, the identification of the cubic and tetragonal phases is difficult. For this reason, the diffractometer X'Pert-MRD was used (angular resolution of 0,0001 o ) to confirm which of these phases was present in the ceramics coatings. The identification of these phases is made by the peaks c (400) and t (400) and t (004). Analyzing these results (Fig. 1) , it is possible to verify that the A1 sample has a peak at 74,27 o Materials Science Forum Vols. 498-499 455
closer to the t (400) (at 73,9 o ) peak of tetragonal zirconia JPDF 17-923 card than to the c (400) (at 74,88 o ) peak of the cubic zirconia JPDF 7-337 card. The difference between the position of the peak t (400) in the samples in relation to the card can be attributed to the fact that JPDF 17-923 card is for a pure zirconia at 1020 o C and the samples has 8 wt. % of yttria (8.67 mol % of YO 1.5 ).
For comparison, Table II shows the (400) peak position and the crystalline lattice parameters of A-1 sample and zirconia ceramic EB-PVD samples calculated by diverse researchers, confirming the precision of characterization technique used in the present work and demonstrating that the present phase in the ceramic deposits is only tetragonal. These results are in accordance with the Phase Diagram that shows only tetragonal phase when a zirconia with 8 wt. % of yttria is cooled quickly from the two-phase field (c+t) for region t'. The absence of the (004) t peak in the samples diffractograms can be related to its low intensity and the strong texture of the ceramic deposits. The values of the cell parameters deduced from these diffraction patterns are reproduced in Table III . The tetragonality (c/a) was calculated from the (111) and the (400) peaks position of the diffractograms on the surface of the zirconia-based coatings. As the wt. % niobia increases, there is a tendency of the ratio c/a increases. Microstructure of EB-PVD coating, as seen by scanning electron microscopy on fractured cross section, is shown in Figure 3 . It is possible to see the metallic bond layer and the ceramic layer where the columnar structure is evident (Figure 3-a) .
(a) (b) Figure 3 : SEM of (a) an EB-PVD thermal barrier coating fractured cross section; (1) ceramic layer; (2) metallic bond layer and (b) a ceramic layer fractured cross section (sample A2).
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Advanced Powder Technology IV Figure 4 shows the typical microstructure of EB-PVD ceramic coating, as seen by SEM on polished cross section. The ceramic layer shows color bands associated with chemical composition changes due to the differences in saturation vapor pressure of the individual components as function of the temperature and complex chemical interactions between them. For these reasons, the evaporation of alloys is a selective process, resulting in depletion and enrichment in the melt pool and, consequently, in the coating. 
CONCLUSIONS
This new ceramic system (yttria and niobia co-doped zirconia) allows attaining coatings with microstructure similar to the conventional yttria doped zirconia EB-PVD TBCs.
The results of XRD analysis performed on the surface of the ceramic coating samples show, as in conventional TBCs, only the nonequilibrium zirconia tetragonal phase for the chemical composition range studied. As the difference (NbO 2.5 -YO 1.5 ) mol % increases, the ratio c/a (tetragonality) increases.
The ceramic coatings cross sections show color bands associated with chemical composition changes due to the differences in saturation vapor pressure of the individual components. Nevertheless, because of the small size of the liquid pool in comparison with target volume, the segregation is not so high.
